Abstract: Many factors influence microhabitat including climate and the occurrence of predators, prey and suitable shelters. The influence of predators in a semi-extensive breeding system is minimized due to frequent monitoring of the area. This situation enables the independent analysis of such other variables as refuges and temperature. Some specimens of the Viperidae family are kept in a semi-extensive breeding system at the Butantan Institute for display and study. These animals are widely distributed in the Atlantic Forest and Cerrado, two biomes with distinct climatic characteristics. We compared the daily activity pattern and microhabitat use of the species Bothrops jararaca and Crotalus durissus terrificus. Our main questions were whether rattlesnakes and lancehead snakes respond to habitat selection differently in similar climatic conditions and if they choose similar microhabitats. Species of the genus Bothrops were frequently found under shelters regardless of the time of day. On the other hand, snakes of the genus Crotalus were frequently found sheltered during the early morning, then migrated to sunnier areas and returned to shelters in late afternoon.
INTRODUCTION
Studies on snake habitat selection are increasing due to the use of radio-tracking and mark-recapture techniques (1) (2) (3) (4) (5) . Although these techniques are more commonly used in the field, other methods are employed in semi-extensive breeding for individual identification (6) . Semiextensive breeding can provide new information on snakes' habits such as segregation, habitat use, and thermoregulation (2, 6, 7) .
Three snake genera of the Viperidae family occur in Brazil: Lachesis, Bothrops and Crotalus. Snakes of the genus Bothrops are widely distributed in the Atlantic Forest, though it is known that they can inhabit areas disturbed by human activity (8) (9) (10) (11) (12) . On the other hand, Brazilian rattlesnakes generally live in dry open areas known as Cerrado but can also be associated with transition areas (13, 14) .
In this study we analyzed microhabitat selection by snakes under semi-extensive breeding, in order to provide information about preferred substrate and thermoregulation sites. Since this environment presents controlled feeding, availability of different shelters and a low occurrence of predators, we hypothesize that the preference for a specific site should be influenced solely by thermoregulation.
MATERIALS AND METHODS
The experiment was conducted at the Butantan Institute, São Paulo (23º 34' S; 46º 42' W). The serpentarium is a semi-extensive breeding site destined for research and public visitation. It consists of a pit 3 m high, 13 m wide, and 50 m long, divided into three areas, each of which harbors a different genus of snakes: Bothrops, Boa, or Crotalus (Figure 1 ). The soil is covered by grass and small stones. Moreover, the ornamentations of this enclosure can be used as shelters. There are four ornamentation types: shrubs, trees, igloos, and rocks ( Figure 2) .
From sunrise until noon, sunlight is directed toward the Bothrops enclosure. In the afternoon until dusk, sunlight incidence is concentrated on the Crotalus area, warming mainly the right wall.
During the study, the maximum number of snakes was 45 (32 Crotalus durissus terrificus and 13 Bothrops jararaca). All specimens have a microchip under their skin. To facilitate identification, the tail of each animal was painted with nail polish of a different color (6) .
Data sampling was made in two periods, from June to November of 2008 and March to April of 2009. To avoid a time-of-day influence on observations, we alternated data sampling between the morning and afternoon on each day. We recorded the places used as shelters, the individuals found in them, and the temperature (Ts) using a Hygro-Thermometer Clock ® (Instrutherm, Brazil). This process was also used for unsheltered snakes (Tu). Data on daily temperature (Ta) was provided by a weather station controlled by the University of São Paulo (USP). The time of observations may also influence habitat selection. Thus, we analyzed morning and afternoon data separately. We tested the normality of data prior to the analysis using the Shapiro-Wilk test. ANOVA or KruskalWallis test was used to verify mean temperature variation. Statistical analysis was performed via the software Statistica 8 (StatSoft, USA).
RESULTS
As expected, temperature differed between the wet season (spring and summer) and dry season (fall and winter) (t = -6.28, p < 0.001). However, each species showed the same pattern of microhabitat selection in both seasons ( Figure  3 A and B) . Microhabitat selection was based on substrate temperature in both the morning and afternoon. During early morning, shelter temperature (Ts) and unsheltered temperature (Tu) were higher than ambient temperature (Ta) (K = 38.90; p < 0.001). The same pattern was observed in the afternoon (K = 57.56; p < 0.001) (Figure 4 ). 
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Snakes of the specie Bothrops jararaca were found in shelters 82% of the time. No significant difference between Ts and Tu was found (K = 1.59; p = 0.8). Thus, temperature data were pooled and treated as Ts. mean Ts was higher in afternoon (K = 49.46; p < 0.001) and higher than Ta on both periods (Ts = 20.1 ± 3.9; Ta = 19.1 ± 3.5; t = 3.71; p < 0.001 for morning; and Ts = 24.3 ± 5.1; Ta = 21.5 ± 4.3; t = 10.52; p < 0.001 for afternoon). Microhabitat selection did not differ significantly between the morning and afternoon (F = 1.81; p = 0.18; Figure 4) .
The species Crotalus durissus terrificus was found in shelters 40% of the time. The Ts of Crotalus was higher in the afternoon than in the morning (K = 50.05; p < 0.001). Microhabitat selection was more evident in the morning when compared to the afternoon (means 11 ± 4; 6 ± 5 individuals, respectively; K = 11.94; p < 0.001). From 7:45 until 9:45 a.m., snakes used shelters more frequently than during other periods. In the afternoon, most were basking in the sun (Figures  4 and 5 ). This selection was made both in the wet and dry seasons (Figure 3 A and B) .
We analyzed the three variables (microhabitat, time of day, and genus). Bothrops and Crotalus chose different types of microhabitat (shelter vs. unsheltered), regardless of the period of the day (F = 677.20; p < 0.001). Snake genus may explain microhabitat choice more than time of day (F = 17.23; p < 0.001; Figure 4 ).
DISCUSSION
Similarly to other ectotherms, snakes of the species Bothrops jararaca and Crotalus durissus terrificus take refuge in warmer shelters during the night (1-2,7-6). However, the patterns we observed differed between species of the two genera. Bothrops remained in shelters and was rarely uncovered. On the other hand, rattlesnakes (and other snakes) display a more active basking behavior, standing directly in sunlight or in cooler refuges (15, 16) . Similar results for Crotalus were found by Tozetti and Martins (3), although they indicate an absence of habitat selection during the day.
We believe that the results for B. jararaca may be influenced by its original geographic distribution, dense rain forests with a wide variety of shelters (11) . This specie is largely nocturnal and uses sun-shade mosaic for basking (11) . We believe that microhabitat selection occurs to maintain the physiological temperature, using shelters, which are warmer (Ts) than the ambient temperature (Ta). This pattern persisted even in warmer afternoons, allowing snakes to bask under cover (11) . Crotalus durissus is a nocturnal snake that displays peak activity from 6 to 9 p.m. (17) . This species commonly inhabits the Brazilian Cerrado and Caatinga, both hot dry environments, formed mostly by desert vegetation and rocks (12, 13) . This biome provides some refuges used to maintain a warmer temperature at night. Daily activity is concentrated in the warmest part of the day, confirming that rattlesnakes spend most of the day resting ( Figure 5 ).
We showed that data recorded in a restricted environment, such as semi-intensive breeding, can corroborate the data from the field (3). Furthermore, we found that both species C. durissus and B. jararaca have similar patterns of annual activity (18, 19) . There are two activity peaks, one at the transition from summer to fall, related to mating season, in which both males and females are active. The second peak occurs in the spring, when females are pregnant or giving birth.
Even under the same climatic conditions, species of the genera Bothrops and Crotalus showed different activity patterns. This behavior may be innate, since outside the natural conditions snakes maintain their natural behavior. Another hypothesis is that the physiological temperature maintenance requires the snakes to select different microhabitats as well as distinct activity patterns.
Given the continuing decline of many populations of wild animals, studies of animals under restricted environments, such as semiextensive captivity breeding, generate basic research that could be used as models for future works and in situ conservation.
The activity pattern of Bothrops jararaca answers visitors' main query: "Why are these snakes not easily found wandering in the serpentarium as rattlesnakes do?".
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